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(54) Bifurcated axtally flexible stent 



(57) There is disclosed a method of stent 

placement which comprises first guiding a guidewire 
through the vasculature. Second, a balloon catheter 
which contains two guidewire lumens is strung along the 
guidewire into position at the bifurcation. The distal 
opening of the second guidewire iumen abuts the 
proximal end of the bifurcation. Thereafter, a second 
guidewire is strung through the first balloon catheter 
and out the distal opening of the second guidewire 
lumen. Thus, resident in the second bifurcation leg is 
the second guidewire. Then, a second standard stent 



delivery balloon catheter is guided along the second 
guidewire to a position within the bifurcation. 
Typically, expansion of both stents can be done one 
right after the other after proper placement of the 
first and second balloons. 
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Description 
r.mgs Reference 

P001, This appBcafion is retatod to US ptfent Noe. 5895406, 5938682 and 6017363, the contorts ol which art 
incorporated herein by reference. 

HeM at Wr fcwMtei 

arterial bifurcation. 
ftlWftarWWtf "T ftg Invention 

poo* A stent is common* used as a tubular ^ •**•"< j the lumen of a duct to rej^an 
SSrudion. Common*, stents are MM Ir* - ^J^^L,^, ^^Sd^S^^on^courS through the u^e of a 
autonomously (or with the aid of a second device /n ^J^PJJ JemSd vessel or body passageway in order to 
catheter mounted angioplasty balloon ^^J^J^l^^rSi v<Sse) and to obtain an enlarged lumen, 
shear and disrupt the obstructions assoaated win * e ^^"T! ^ ofSastic recoil of the stenotic lesion. 
P0041 In the absence of a stent, mm > may occur as a ire**o » rf 
Although a number of stent designs have been sported these J^S^a^rrtWWch has rigid ends (8mm) and a 
These include restrictions on the dimension of tte stent suclv ^^^ff^Zuously flexible along the 
flexible median part of 7-21 mm. Thsdwce ^'ggS also been described, 
longitudinal axis. Other stent designs wrth ^.^^1^,^^^ of a plurality of cylindrical elements 
(00051 Other stents are described as longrtudi raft ™™ ^wSantaoe for example, according to this 
; connected by flexible members. T* *S^lffi!ld?25 £* ffip-SU of inadvertent retention 

For instance, during ^^T^^^SS SrefS f tn?Xoc f vessel. For example, in a typical 
altered, in order to increase Wood <^ ft™* ^lum^^larmd ttimSgh the use of a balloon catheter that is 
balloon angioplasty procedure, * ?J ti? site oX vascular obstruction. The balloon is 

passed percutaneously by way of the artenal system by way mine sue m 

_ men deflated to dilate the vessel lumen ^^ e ^ rfth i «^^ |dina . or M p, aC ed on the balloon angioplasty 
5 [0008] Furthermore, another typical P^ureusesa scaffolding, obst rudion. Thereafter, the 

po^onln^^ a 8m al, inflate* balloon at 

0 P009] Essential*, a balloon catheter tea thin, flexible ^* 0 ^ h £Uj3 to be inserted into a 
a desired location along its ; lengjj su* -£«JJ * £jg5 .SSSrt a SB** passageway, and the 
^fia^SSA -K*£ ^eTdy^geway rs done with guidance, such as x-ray 

• rather tortuous area of the vasculare. In ft. instance, J* ^J^fKd v^ssi In some instances, while 
of negotiating tight turns, and/or being placed along a J™™***)*" ? ^L. difficuft t0 place a second stent 
rurally occluded section of blood vessel can **^+Z^\fZ^ J an inverted letter V 
at the other portion of a bifurcation. Inother wor ^f n n n e ^ n ir 33 V e sn ™ TtegeneraBy through one of the 
within the body. (The approach of the catheter concerning inverted rsjjejg ^ V rat her 

„ legs in the "Y".) Therefore, the ^"^J^^H H£t Scu? to ^ace a second stent at or near 

itt - Jtf rJ^ffiM iMTS (^er than 1cm rfameter) to rather 
small (sometime less than 2.5 mm diameter). f sin ^ e stent or par 

55 [00111 It would be desirable, therefore, to create a 6 ^^*^^ 4r ti* stent or for this delivery 
of stents at a bifurcation in ^vasculature, ft would ^fjjj*"^ fS ea^acoess when one stent 

«^ to F ;SeT^^ WK* to — d ** for * e 
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first stent to be reliably placed every time so that the user knows exactly where the bifurcation is located, and as 
well where the stent must be appropriately oriented in order to readily access the second leg of the , Y' of the 
bifurcation. 

[0012] Finally, it would be useful for a device such as a desired delivery system to carry a stent capable of 
allowing secondary access to a bifurcated portion of the vasculature. Thus, it would be most desirable for the 
device to comprise a catheter capable of balloon deBvery of a stent at a bifurcation, and also balloon delivery of 
a second stent at the bifurcation. 

swumgry of flue itwenfion 

[0013] The present invention overcomes some perceived shortcomings of prior art stents by providing a stent with 
axial flexibility. In a preferred embodiment, the stent has a first end and a second end with an intermediate 
section between the two ends. The stent further has a longitucfinal axis and comprises a plurality of longitudinally 
disposed bands, wherein each band defines a generally continuous wave along a line segment parallel to the 
longitudinal axis. A plurality of links maintains the bands in a tubular structure. In a further embodiment of the 
invention, each longitudinally disposed band of the stent is connected, at a plurality of periodic locations, by a 
short circumferential fink to an adjacent band. The wave associated with each of the bands has approximately the 
same fundamental spatial frequency in the intermediate section, and the bands are so disposed that the waves 
associated with Item are spatially aligned so as to be generally in phase with one another The spatially aligned 
bands are connected, at a plurality of periodic locations, by a short circumferential link to an adjacent band. 
0)014] In particular, at each one of a first group of common axial positions, there is a circumferential link 
between each of a first set of adjacent pairs of bands. 

[0015] At each one of a second group of common axial positions, there is a circumferential link between each of a 
second set of adjacent rows of bands, wherein, along the longitudinal axis, a common axial position occurs 
alternately in the first group and in the second group, and the first and second sets are selected so that a given 
band is linked to a neighboring band at only one of the first and second groups of common axial positions. 
[0016] In a preferred embocfiment of the invention, the spatial frequency of the wave associated with each of the 
bands is decreased in a first end region lying proximate to the first end and in a second end region lying proximate 
to the second end, in comparison to the spatial frequency of the wave in the intermediate section. In a further 
embodiment of the invention, the spatial frequency of the bands in the first and second end regions is decreased by 
20% compared with the spatial frequency of the bands in the intermediate section. The first end region may be 
located between the first end and a set of circumferential links lying closest to the first end and the second end 
region lies between the second end and a set of circumferential links lying closest to the second end. The widths of 
corresponding sections of the bands in these end regions, measured in a circumferential direction, are greater in 
the first and second end regions than in the intermediate section. Each band includes a terminus at each of the 
first and second ends and the adjacent pairs of bands are joined at their termini to form a closed loop. 
[0017] in a further embodiment of the invention, a stent is provided that has first and second ends with an 
intermediate section therebetween, the stent further having a longitudinal axis and providing axial flexibility. 
This stent includes a plurality of longitudinally disposed bands, wherein each band defines a generally continuous 
wave having a spatial frequency along a One segment parallel to the longitudinal axis, the spatial frequency of the 
wave associated with each of the bands being decreased in a first end region lying proximate to the first end and in 
a second end region lying proximate to the second end, in comparison to the spatial frequency of the wave in the 
intermediate section; and a plurality of links for maintaining the bands in a tubular structure. The first and 
second regions have been further defined as the region that lies between the first and second ends and a set of 
circumferential links lying closest to the first end and second end. 

[0013] In a further embodiment the widths of the sectionals of the bands, measured in a circumferential 
direction, are greater in the first and second end regions than in the intermediate section. 

[0019] In yet an additional embodiment, the stent is divided into a group of segments, and each of the segments 
are connected by a flexible connector. In addition, the stent segments are provided with enhanced flexibility at the 
flexible connectors, due to the geometrical configuration of the flexible connectors. 

[0020] Furthermore, the current stent can be modified to provide for bifurcated access, whereas the stent itself 
is uniform throughout If the manufacturer designs such a stent to have an essential opening, then it is possible to 
place the stent such that a pair of stents can be placed one through the other. In this fashion, the stents are 
capable of being placed at a bifurcation, without any welding or any special attachments. The interlocking mechanism 
can be incorporated into the stent design to cause the stent to interlock at the desired position during assembly of 
the device. 

[0021] In practice, therefore, the current catheter device consists of a balloon catheter which comprises a 
shaft portion having a proximal and a distal end. The shaft portion has a guidewire lumen therethrough. The lumen 
has a proximal opening and a distal opening. The distal opening of the shaft portion ts located at the distal end of 
the shaft. A balloon is connected to the shaft at the shaft distal end. The balloon has proximal and distal ends and 
a first guidewire lumen through it The balloon guidewire is in fluid communication with the guidewire lumen of the 
shaft and the first balloon guidewire lumen also has proximal and distal ends. The balloon has a second guidewire 
lumen, the second guidewire lumen containing a distal opening located proximal to the distal opening of the first 
guidewire lumen. 

[P022J Further, there is disclosed a method of stent placement which comprises first guiding a guidewire through 
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position at ttie bifurcation. The °^^^™ n ^ T na m l.!^ ^ m ba iioon catheter and out the distal opening 

second balloons. 

Prtftf ifrfff flglteP fll Drawings 

[0023] The foregoing aspects of the invention will be more readBy understood by reference to the following 
10 detailed description, taken with the accompanying drawings, in which: 

Figures 1(a) and 1(b) are side views of a stent having circumferential^ dteposed bands wherein the stent is in 
aria* unbent and bent positions respectively, the latter showing protruding edges; 

Fiaures 1(c) and 1(d) are side views of an axially flexible stent in accordant with the present J^ention 

19 SSSmSi s in unbent and bent positions respectively, the latter displaying an absence of protruding edges, 

Figure 2 is a side view of a portion of the stent of Figures 1(c) and 1(d) showing the longitudinal bands, 
spaces, and inner radial measurements of bends in the bands being measured in inches; 

20 Figures 3(a) and 3(b) show a portion of the stent of Figure 2 with two ban* betijeen two circumferential links 
(a) before expansion in the unexpanded state; and (b) after expansion, in the defoimed state. 

Figure 4 is a view along the length of a piece of cylindrical stent (ends not shown) prior to expansion showing 
the exterior surface of the cylinder of the stent and the characteristic banding pattern; 
25 Figure 5 is an isometric view of a deflection plot where the stent of Figure 2 is expanded to a larger diameter 

of 5mm; 

Figure 6 shows a twcwiimensional layout of the stent of Figure 4 to form a ^der such i that edge "A" meets 
edge "B", and illustrating the springlike action provided in circumferential and longitudinal directions, 

"° Figure 7 shows a two dimensional layout of the stent The ends are >modffied Isuch . M : the length <L A ) is about 20% 

shorter than length (Lb) and the width of the band A is greater than the width of band B, 

Figure 8 shows a perspective view of a stent containing flexible connectors as described in the present invention; 

35 Figure 9 shows a stent in which the flexible connectors are attached to stent segments, in layout form. These 

flexible connectors are attached in an every-other-segment pattern, 

Figure 10 shows a layout view where the stent segments are connected with a flexible connector in every stent 
segment pattern; 

* Figure 1 1 shows a schematic of the unexpanded stents when loaded on the stent delivery system; 

Figure 12 shows the stents placed alone; 

Figure 13 shows the stents as expanded without the delivery system; 
45 Figure 14 shows a modification of the stent in a layout view; 

Figure 15 is a plan view of the balloon of the present system; 

Figure 16 is an assembly view of the same balloon; 

50 

Figure 17 is a view of the baiioon when in use; 

Figure 18 is a assembly view of another stent which may be used on the balloons of Figures 15-17; and 
Figure 19 is a plan view of the stent of the previous figure. 

^ n^riptlon of Specific Embodiments 
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[0024] Improvements afforded by embocfiments of the present invention include (a) increased flexibility in two 
planes of the non-expanded stent whfle maintaining radial strength and a high percentage open area after expansion; 
(b) even pressure on the expanding stent that ensures the consistent and continuous contact of expanded stent 
against artery wall; (c) avoidance of protruding parts during bending; (d) removal of existing restrictions on 

* maximum of stent; and reduction of any shortening effect during expansion of the stent 

[0025] In a preferred embocfiment of the invention, an expandable cyfindrica! stent 10 is provided having a 
fenestrated structure for placement in a Wood vessel, duct or lumen to hold the vessel, duct or lumen open, more 
particularly for protecting a segment of artery from restenosis after angioplasty. The stent 10 may be expanded 
circumferentially and maintained in an expanded configuration, that is circumferentially rigid. The stent 10 is 

10 axially flexible and when flexed at a band, the stent 10 avoids any externally protrucfing component parts. 

[00261 Figure 1 shows what happens to a stent 10, of a similar design to a preferred embodiment herein but 
utilizing instead a series of circumferentially disposed bands, when caused to bend in a manner that is likely 
encountered within a lumen of the body. A stent 10 with a circumferential arrangement of bands (1) experiences an 
effect analogous to a series of railroad cars on a track. As the row of railroad cars proceeds around the bend, the 
corner of each car proceeding around the bend after the coupling is caused to protrude from the contour of the 

15 track. Simflarly, the serpentine circumferential bands have protrusions (2) above the surface of the stent 10 as the 
stent 10 bends. 

[0027] The embodiment shown in Figures 1(c) and 1(d) and Figure 7 has bands (3) which are axialiy flexible and 
are arranged along the longitudinal axis. This allows the stent to bend so that the bent bands (4) do not protrude 
from the profile Of the curve of the stent 10. Furthermore, any flaring at the ends of the stent 10 that might occur 
with a stent 10 having a uniform structure is substantially eliminated by introducing a modification at the ends of 

20 the stent 10. This modification comprises decreasing the spatial frequency and increasing the width of the 
corresponding bands in a circumferential direction (L A and A) compared to that of the intermediate section, (t and B). 
[0028] In an embodiment of the invention, the spatial frequency L A may be decreased 0-50% with respect to 
and the width A may be increased in the range of 0-150% with respect to B. Other modifications at the ends of the 
stent 10 may include increasing the thickness of the wall of the stent 10 and selective electropolishing. These 

25 modifications protect the artery and any plaque from abrasion that may be caused by the stent 10 ends during 
insertion of the stent 10. The modification also may provide increased radio-opacity at the ends of the stent 10. 
Hence it may be possible to more accurately locate the stent 1 0 once it is in place in the body. 
[0029] The embodiment as shown in Figures 2 and 6 has the unique advantage of possessing effective "springs" in 
both circumferential and longitudinal directions shown as items (5) and (6) respectively. These springs provide the 
stent 10 with the flexibility necessary both to navigate vessels in the body with reduced friction and to expand at 
0 the selected site in a manner that provides the final necessary expanded dimensions without undue force while 
retaining structural resilience of the expanded structure. 

[0030] As shown in both Figures 2, 4 and 6, each longitudinal band undulates through approximately two cycles 
before there is formed a circumferential link to an adjacent band. Prior to expansion, the wave W associated with each 
of the bands may have approximately the same fundamental spatial frequency, and the bands are so disposed that the 
wave W associated with them are spatially aligned, so as to be generally in phase with one another as shown in 
Figure 6. 

[0031] The aligned bands on the longrtucfinal axis are connected at a plurality of periodic locations, by a short 
circumferential link to an adjacent band. Consider a first common axial position such as shown by the line X-X in 
Figures 4 and 6. Here an adjacent pair of bands is joined by circumferential link 7. Similarly other parrs of bands 
are also linked at this common axial position. At a second common axial position, shown in Figure 6 by the line Y-Y, 
40 an adjacent pair of bands is joined by circumferential link 8. However, any given pair of bands that is linked at X- 
X is not linked at Y-Y and vice-versa The X-X pattern of linkages repeats at the common axial position Z-Z. In 
general, there are thus two groups of common axial positions. In each of the axial positions of any one group are 
links between the same pairs of adjacent bands, and the groups alternate along the longitudinal axis of the 
embodiment In this way, circumferential spring 6 and the longitudinal spring 6 are provided. 

[0032] A feature of the expansion event is that the pattern of open space in the stent 10 of the embodiment of 
45 Figure 2 before expansion is different from the pattern of the stent 10 after expansion. In particular, in a 
preferred embocfiment, the pattern of open space on the stent 10 before expansion is serpentine, whereas after 
expansion, the pattern approaches a diamond shape (3a, 3b). In embodiments of the invention, expansion may be 
achieved using pressure from an expanding balloon or by other mechanical means. 

[0033] In the course of expansion, as shown in Figure 3, the wave W shaped bands tend to become straighter. 
When the bands become straighter, they become stiffer and thereby withstand relatively high radial forces. Figure 3 
shows how radial expansion of the stent 10 causes the fenestrations to open up into a diamond shape with maximum 
stress being expended on the apices of the diamond along the longitudinal axis. When finite element analyses 
including strain studies were performed on the stent 10, it was found that maximum strain was experienced on the 
bands and links and was below the maximum identified as necessary to maintain structural integrity. 
{0034] The optimization of strain of the stent 10 is achieved by creating as large a turn radius as possible in 
55 the wave W associated with each band in the non-expanded stent 10. This is accomplished whfle preserving a 
sufficient number of bands and links to preserve the structural integrity of the stent 10 after expansion. In an 
embocfiment of the invention, the strain may be less than 0.57 inches/inch for 31 6L stainless steel. The expansion 
pressure may be 1.0-7.0 atmospheres. The number of bands and the spatial frequency of the wave W on the 
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«f «rr.imfprenlia links The circumferential finks contribute structural 
longitudinal axis ateo affect the number ol^J^^Sion "5 the stent 10 and in the maintenance of the 
integrity during application of radial force used m. W a ™^^&* of a stent 10 of the invention having 
expanded form. While not being limfted to a i angle ^ ^^'^ure 6. may include the following: stems 
a longitudinal axis and providing axial flexibifity of the ^ * n ^J n "^ mple m ' have about 8-12 rows, more 
10 hating an expanded diameter of 4mm and a length of J^iS in Rgure 6 as extending between 

Sara; ttss. ^ssSssa s&a. (siwr: 

JSS SSi'ftt:^!— tWt.'Li - P-ure. temperate, o, 
the reproductive system in both men and women. oresentlv disclosed containing a 

adjacent stent 10 segment This is done using a se ^ n °^ fl ^ ble ^X^o?'fiSSre Tatthat point. Of coutse, it is to 

jSST in « regards, however, It Is to be seen the. the present Invention is to be detennined (.ore the 

attached claims and their equivalente ,„ i m ™^ de^oe 100 of «w present Irwenllonoan also be 

rooui As can be seen from Figures 11 *ro"8h «, en improvM owra ii~ 01 "k T|fc ^ 

« made'to perform in . bifurcated fashion. In thhwm » ^JSLSn?to S5S»*Swtaio stems 

^smtjkh SsSEwswSKi&i ="Jks tic 

mtheirunertpandedshapemapr^embc^^^ toade<1 

stent 101, it Is placed In such a fashon «> s» h u™?anS^ devioee wi go toward a bifurcation. 

" ^^SrafSKiSSS S"u2n™gJd?S'.«hn,,uea. Th» S each o, «be *pacuve 

EST ' onts InWon, ma en*. d*oe "i^-^^^MSrJSfi 
5Str«^-^^^^-* s.g«y so as to be useful 

El^bSte'-dSol'n - A dun^ng ma deared 



EP H 031 329 A2 

procedure by the clinicians; can be used with a bifurcated balloon or two separate baBoons; or incorporated with 
one or more radio-opaque markers to allow for better positioning in radio-opacity. The bifurcated stent delivery 
system is placed by crimping over two balloons and then expanded at the sight of the lesion. 

E0047] As seen from Figures 15-17, there is described in this present invention a balloon 510, in which is 
contained a standard balloon catheter 520. These catheters are described in, for instance, U.S. Patent Nos. 5,108, 

J 415; 5,156,612 and 5,304,197, 

incorporated herein by reference. Uniquely, however, the current balloon 510 contains a side hole 515 in the balloon. 
The side hole 515 is placed at an exit port 516 in the middle 517 of the balloon 510. This side hole 515 creates 
access to a lumen 525 created in the side of the catheter 510. Thus, this side hole 515 creates an access channel 
useful for the stent 1 01 of the current invention. 

10 [0048] So in use therefore, the catheter 510 is advanced into the lumen of the artery, as would be typical 
angioplasty catheter. First a guidewire 550 is placed within lumen 530 of the catheter 510. Second, the catheter 
510 is tracked over the guidewire and into the lumen. Then, the guidewire 550, specially formed for this use is 
retracted until its tip 555 is placed at the distal marker 535 of the current catheter 516. Then, the guidewire 550 
is rotated so that its tip 555 "pops" out of the side hole 515 created in the side lumen 525 of the present catheter 
510. The guidewire 550 is then advanced through the side branch artery to give access to the side branch. 

15 [0049] In Rgures 18-19, the first item described will be the structure of stent 200 in accordance with the 
invention and illustrated in figures 18-19. The stent 200 is an improvement over other bifurcated stent ideas, in 
that the stent is continuous through the mid-section 250 of the main branch segment 210, 220. Segment 230 is 
connected by a weld or other means (such as a pivotable hook or a ball in socket joint) to another section 220 to 
form the M Y"-shaped stent Such design will allow for greater vessel coverage at the intersection point of the 
bifurcation. 

20 |0050] As was mentioned earlier, stent 200 comprises three tubular sections (210, 220, and 230) and a continuous 
connection (240). Sections 210, 220, 230 have struts 211, 221, 231 of sinusoidal shape. Of course, any known shape 
(e.g., straight struts, are possible). 

10051] The first section (210) is a proximal section having as its center axis L It is intended for insertion 
into main stem of blood vessel for treatment upstream of a bifurcation. 
25 10052] The first distal section (220) having as its section axis U is at least approximately aligned wfth 
proximal section 210 prior to use This first distal section 220 is intended for insertion to a blood distal 
branching off from the bifurcation from a proximal blood vessel, into which section 210 is to be placed. The first 
distal section (220) is attached to proximal section 21 0 by some of the omega-shaped connector members 250 seen in 
Figures 18 and 19. Omega-shaped connectors 250, it should be realized, are of different shape than struts 211, 221; 
these omega-shaped connectors 250 are formed to maximize flexibility, and it is to be understood that these struts 
0 need not be limited to the design disclosed here. It is envisioned that other flexible connections are possible. 

{0053] The second distal section (230) having as its axis L" is positioned at the side of the first cfistal 
section 220, and has the advantage of being parallel to the latter prior to use. The second dstal section 230 is 
intended to be inserted into a second distal blood vessel branching off from the bifurcation. 

[0054] The two distal sections 220 and 230 have their proximal ends linked by the connection member 260, which 
35 is a weld joint comprising elements 261 , 262 seen in Figure 1 8. Dowel 261 fits into hole 262 to form weld 260. 

[0055] Each of section 210, 220, and 230 is preferably formed from a tubular component perforated with a slotted 
tubular pattern such that the structure of sections 210, 220, 230 allows them to expand along their circumferences. 
[0056] In practice section 210, 220, and 230 of stent is 200 can be manufactured from extruded cylindrical parts 
made of a bendable metal alloy such as 31 6L stainless steel, but may also be made from other known metals such as 
nrtinol. The external diameter of sections 210, 220, 230 typically ranges from 1mm to 4mm prior to use, and can be 
40 expanded further than 2mm and 8mm. 

[00571 Sections 210, 220 are preferably manufactured from a single tubular part in which flexible connectors, 
such as omega-shaped connectors 250 are formed via machining. 

[0058] Weld points 261, 262 are preferably joined by means of, for example, laser welding, or other acceptable 
alternatives. 

45 [0059] Furthermore, proximal end 235 of the second cfistal section 230 may be tapered at the other side of the 
connector 250. It extends forward in its peripheral area opposite the omega-shaped connectors 250. This tapered 
portion may also be determined by a plane that is inclined with reference to L' perpendicular to the plane of 
symmetry of the stent 200. 

[OCS0J After expansion, when the stent 200 is installed at the a bifurcation of the two vessels, distal portion 
215 of the proximal section 210 is fit together with the proximal ends 225, 235, of sections 220, 230 of the stent 
50 and ensures maximum coverage of the dilated bifurcation area. This is especially true since weld 260 holds the 
relative position of sections 220, 230 and the relative positions of sections 210, 220 is set, and covered by omega- 
shaped connectors 250. 

[0031] In this way, once in place, the whole of the grid of the bifurcated stent 200 covers the proximal and 
distal portions of the two branching vessels and the whole of the dilated bifurcation area. 
55 [0062] The stents themselves can be made from any high density material or composite. These stents can 
be balloon expandable or self-expanding or a combination of both. They can be used on catheters as described herein 
or on standard catheters. 

[0063] These and other objects of the present invention are accomplished in a stent delivery system which 
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consists of an ingenious* modified angiopto* ^J^^ttSSS a S o'utsfde *e S 
useful for stringing a guide*ire therethrough The 3"*^ <J "gj 0 ?the SopSy Jrtheter holds the stent 
along its length, to a point which sabout te * ^f^LT* reached met^lS is inflated, the stent is 
2U fiS K^^^^ can he retracted through the 

sar tKssrs-* . -jrAWffS watts s 

be realized that the second guidewire ^'TT'^J?. ^^^j^^^-ift^^^^^Lr^^^^^a^^V/^^at^^^cur^itiisrefore, is the following: a 
second guidewire lumen is useful for attacking l the ' ^f^^JK Scked tKi the body to a point 
torge stent is placed on the balloon so ^rfi^. Th^r^fter, the guriewe • tracked ftmtfT n ^ 

sss ^^^^^^ " - entire *" can be 

moved to a position along the vasculature at the . . L^ffi Tn^D usuaBy take care of the "base' 

[00651 When the obstruction » reachedj MM"" ^JjJJ ^^Tthe stent delivery system 

rtsa'isjpw —^=5 ss te waB - m openin9 te usew for 

containing a single basic stent B plac «d atong_ to ^^^X the second opening. Then, the 
guidewire is then strung through the catheter to a posflon wnere it guidewire after the 

second catheter is guided along the second J^Jgi^J^i. second catheter can be 

the vasculature. Second, a baRoon cattieter wnicn ">"™""£, a _.. idewire i umen a buts the proxima end of the 
position at the bifurcation. The distal opening^ «J"JZ*?«*^ out the distal opening 

bifurcation. Thereafter, a second gu.dew.re ■ ^J^J^jEn S |S iiSTSond guidewire. Then, a second 
of the second guidewire lumen. Thus resident .r, ^eaee^bhrej ™ '^* me ^ ^ on ^ ^ bifurcation. 

33 f^ntr 5 SffSSS: WS? rUrXrS placement * ft. M and 

second balloons. 

Claims 

1. A bifurcated stent comprising: 
a proximal tubular section; 

a first distal tubular section, said M distal tubu.ar section connected to said proximal section by 
connector members; and 

a second distal tubular section, said first and second distal tubular sections welded together at their 
proximal ends. 

Z The stent of claim 1 wherein the weld is a spot weld formed between a dowel and a hole. 

3. The stent of claim 1 wherein the connector members are continuous* 0aced around the circumference of the first 
distal section. 

4. The stent of daim 3 wherein the shape of the connection is dtfferent than the strut shape of the proximal and 
distal sections. 

50 5. The stent of claim 3 wherein the connector members are omega-shaped. 

6. The stent of claim 1 wherein said distal end a proximal sections are expandable to different diameters. 
T. A stent comprising a first cylindrical form and a second cylindrical form connected thereto; 

said second cylindrical form placed alongside a wall portion of *e first cyindrica, form so that the stent 

forms a 'V-shaped opening through the interior portion of the stent; and 
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said stent having a welded connection at the connection between said first and second cylindrical forms. 
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8. The stent of claim 7 wherein said second cylindrical form has a smaGer interior diameter than said first 
cytindrical form. 

9. The stent of claim 7 wherein said welded connection is accomplished around the entire circumference of said 
second cylindrical form. 

10. A stent comprising a first cyfindrical form and a second cylindrical form connected thereto; 

said second cytindrical form placed alongside a wall portion of the first cylindrical form so that the stent 
forms a T'-shaped opening through the interior portion of the stent; said stent having a welded connection 
at the connection between said first and second cyfindrical forms; and 

wherein said welded connection is accompfished around the entire circumference of said second cylindrical 
form. 

11. The stent of claim 10 wherein said stent is sized to fit within a bifurcated lumen. 

12. The stent of claim 10 wherein said stent is balloon expandable. 

20 13. The stent of claim 10 wherein said stent has a first cylindrical form with an opening formed in the wall of 
said cylindrical form, and said opening generally corresponding to the circumference of said second cylindrical form. 

14. A stent comprising a first cylindrical form and a second cylindrical form connected thereto; 

said second cylindrical form placed alongside a wall portion of the first cylindrical form so that the stent 
25 forms a 'T'-shaped opening through the interior portion of the stent and said stent having a welded 

connection at the connection between said first and second cylindrical forms; and 

wherein said stent has a first cylindrical form with an opening formed in the wall of said cylindrical form, 
and said opening generally corresponding to the circumference of said second cylindrical form. 

0 15. A bifurcated stent comprising: 
a proximal tubular section; 

a first distal tubular section, said first cfistal tubular section connected to said proximal section by 
35 connector members; and 

a second distal tubular section, said first and second distal tubular sections attached together at their 
proximal ends by a ball in socket joint 

40 16. A bifurcated stem comprising: 
a proximal tubular section; 
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a first distal tubular section, said first distal tubular section connected to said proximal section by 
connector members; and 

a second distal tubular section, said first and second distal tubular sections attached together at their 
proximal ends by a plurality of flexible hooks. 
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FIG. 1(a) 



10 



FIG. 1(b) 



FIG. 1(c) 
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FIG .1(d) 
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FIG. 3(a) 




FIG. 3(b) 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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FIG. 12 



103 




FIG. 13 
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